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1
LIGHT-EMITTING DIODE STRUCTURE
WITH ELECTRODE PADS OF SIMILAR
SURFACE ROUGHNESS AND METHOD FOR
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a divisional of U.S. application Ser. No. 11/699,942
filed on Jan. 30, 2007, now pending, and this divisional appli-
cation having the same inventors as the prior application. The
present application is based on, and claims priority from,
Taiwan Application Serial Number 95150037, filed Dec. 29,
2006, the disclosure of all of the above-mentioned applica-
tions are hereby incorporated by reference herein in their
entirety.

FIELD OF THE INVENTION

The present invention relates to a light-emitting diode
(LED) structure and a method for manufacturing the same,
and more particularly, to a LED structure and its manufactur-
ing method for promoting the LED chip recognition rate.

BACKGROUND OF THE INVENTION

Referring to FIG. 1, FIG. 1 is a schematic cross-sectional
view showing a conventional LED structure, wherein on a
substrate 100, a buffer layer 110 and a n-type confining layer
120 are formed in sequence. An active layer 130, a p-type
confining layer 140, a transparent electrode layer 150 and a
p-type electrode pad 160 are formed on one portion of the
n-type confining layer 120, and a n-type electrode pad 170 is
formed on the other portion of the n-type confining layer 120.
The n-type electrode pad 170 is spaced from a light-emitting
epitaxial structure 180 by a predetermined gap d, wherein the
light-emitting epitaxial structure 180 is composed of the
active layer 130, the p-type confining layer 140 and the trans-
parent electrode layer 150.

After a LED structure is formed, it is desirable to perform
the subsequent processes of die bonding and wire bonding.
The die bonding or wire bonding process mainly uses an
image comparison and recognition method to select a LED
chip matching a predetermined reference image. At this point,
in the conventional LED structure, due to the etching process,
the surface roughness of the epitaxial layers (the p-type con-
fining layer 140 and the transparent electrode layer 150)
under the p-type electrode pad 160 is different from that of the
epitaxial layers (the n-type confining layer 120) under the
n-type electrode pad 170, and thus the light scattering and
reflected intensities of the p-type electrode pad 160 are incon-
sistent with those of the n-type electrode pad 170, thus low-
ering the image recognition rate, leading to the increase of
downtime ratio, further causing the occurrence of abnormali-
ties or the decrease of production, and resulting in rough
surface textures.

The conventional skill adopts the method of adjusting etch
parameters to make the surface roughnesses of the epitaxial
layers under these two electrode pads as similar as possible.
However, the respective conditions are different for each
product lot, so that the conventional method of adjusting the
etch parameters is significantly limited and it is difficult to
make the surface roughnesses of the epitaxial layers under
these two electrode pads reach the same level, thus causing
recognition difficulty in the processes of die bonding and wire
bonding. Moreover, this conventional skill has to adjust the
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etch parameter for each individual product lot, and thus is not
suitable for use in mass production.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide a LED
structure and a method for manufacturing the same, thereby
making the epitaxial layers under two electrode pads have
similar surface roughnesses for forming two electrode pads of
similar lusters, thus promoting the image recognition rate and
accuracy in the processes of die bonding and wire bonding,
further increasing the overall production, decreasing the
amount of inferior products, and improving the problem of
rough surface textures.

According to an embodiment of the present invention, the
LED structure includes a substrate, a first confining layer
having a first electrical property, a light-emitting epitaxial
structure disposed on a first portion of the first confining layer,
a protrusive structure disposed on a second portion of the first
confining layer, a n-type electrode pad covering the protrusive
structure, and a p-type electrode pad disposed on a second
confining layer having a second electrical property. The first
confining layer is disposed on the substrate. The light-emit-
ting epitaxial structure includes an active layer disposed on
the first portion of the confining layer, and the second confin-
ing layer disposed on the active layer, wherein the first elec-
trical property is opposite to the second electrical property.
The protrusive structure is spaced from the light-emitting
epitaxial structure by a predetermined gap exposing the first
confining layer. The material layers forming the protrusive
structure are substantially equivalent to the material layers
forming the light-emitting epitaxial structure with respect to
the material species and arrangement sequence, and the thick-
ness of the material layers forming the protrusive structure is
smaller than or equal to the thickness of the material layers
forming the light-emitting epitaxial structure. The n-type
electrode pad is electrically connected to the first confining
layer.

According to an embodiment of the present invention, in a
method for manufacturing a light-emitting diode structure, a
substrate is provided. Then, a first confining layer having a
first electrical property is formed on the substrate. Thereafter,
an active layer is formed on the confining layer, and a second
confining layer having a second electrical property is formed
on the active layer, wherein the first electrical property is
opposite to the second electrical property. Then, a photoresist
layer is coated on a surface of the second confining layer,
wherein the photoresist layer has a predetermined gap. There-
after, a step is performed for etching the second confining
layer and the active layer along the predetermined gap by
using the photoresist layer as a mask, and then the photoresist
layer is removed so as to form a light-emitting epitaxial
structure and a protrusive structure. Then, a n-type electrode
pad is fabricated to cover the protrusive structure, wherein the
n-type electrode pad is electrically connected to the first con-
fining layer. Thereafter, a p-type electrode pad is formed on a
top surface of the light-emitting epitaxial structure.

According to another embodiment of the present invention,
the LED structure further comprises a buffer layer disposed
between the substrate and the first confining layer.

According to another embodiment of the present invention,
the LED structure further comprises a low-temperature buffer
layer disposed on the substrate, and a high-temperature buffer
layer disposed on the low-temperature buffer layer.

According to another embodiment of the present invention,
the LED structure further comprises transparent electrode
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layers disposed on a top surface ofthe light-emitting epitaxial

structure and on a top surface of the protrusive structure.
According to another embodiment of the present invention,

the first electrical property is n type, and the second electrical

property is p type.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention are more readily appreciated as the
same become better understood by reference to the following
detailed description, when taken in conjunction with the
accompanying drawings, wherein:

FIG. 1 is a schematic cross-sectional view showing a con-
ventional LED structure; and

FIG.2Ato FIG. 2E are schematic cross-sectional diagrams
showing the process for manufacturing a light-emitting diode
structure in accordance with an embodiment of the present
invention.

FIG. 2F is a schematic cross-sectional diagram showing a
light-emitting diode structure in accordance with another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment of the present invention shown hereinafter
is used to resolve the problem of poor image recognition and
rough surface textures caused by different levels of surface
roughness of the epitaxial layers under two respective elec-
trode pads. The embodiment of the present invention reserves
a complete epitaxial structure (protrusive structure) in the
area under a n-type electrode pad, and the protrusive structure
is substantially equivalent to a light-emitting epitaxial struc-
ture under a p-type electrode pad, wherein the thickness of the
material layers forming the protrusive structure is smaller
than or equal to the thickness of the material layers forming
the light-emitting epitaxial structure, thereby making the sur-
face roughnesses of the epitaxial layers under these two elec-
trode pads as similar as possible, thus resolving the problem
of rough surface textures. Moreover, a portion of the n-type
electrode pad directly contacts a n-type epitaxial layer so asto
assure that no change would occur in the electrical properties
of the LED. In order to make the illustration of the present
invention more explicit, the following description is provided
with reference to FIG. 2A to FIG. 2F. FIG. 2A to FIG. 2E are
schematic cross-sectional diagrams showing the process for
manufacturing a light-emitting diode structure in accordance
with an embodiment of the present invention, wherein FIG.
2E is schematic cross-sectional view showing the LED struc-
ture in accordance with the embodiment of the present inven-
tion.

As shown in FIG. 2A, a substrate 200 is first provided,
wherein the material forming the substrate 200 can be such as
sapphire, ZnO, LiGaO.sub.2, spinel, SiC, GaN or silicon.
Thereafter, a low-temperature buffer layer 210 is formed on
the substrate 200, and a high-temperature buffer layer 220 is
formed on the low-temperature buffer layer 210. However,
the present embodiment may merely need to form the low-
temperature buffer layer 210 or the high-temperature buffer
layer 220 on the substrate 200. Then, a first confining layer
230 having a first electrical property is formed on the high-
temperature buffer layer 220, wherein the first confining layer
230 is made of such as GaN, and the first electrical property is
such as n-type. Thereafter, an active layer 240 is formed on
the first confining layer 230, wherein the active layer 240 can
be for example a single layer structure of In.sub.xGa.sub.1-
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xN, or a multiple quantum well (MQW) structure with n
periods (n.1). Then, a second confining layer 250 having a
second electrical property is formed on the active layer 240,
wherein the second confining layer 250 is made of such as
GaN, and the second electrical property is opposite to the first
electrical property, for example p-type. Thereafter, a photo-
resist layer 260 is coated on the surface of the second confin-
ing layer 250, wherein the photoresist layer 260 has a prede-
termined gap d. Thereafter, the photoresist layer 260 is used
as amask to etch the second confining layer 250 and the active
layer 240 along the predetermined gap d until the first con-
fining layer 230 is exposed. Such as shown in FIG. 2B, after
etching, the photoresist layer is divided into a photoresist
layer 260a and a photoresist layer 2605; the second confining
layer is divided into a second confining layer 250a¢ and a
second confining layer 2504; the active layer is divided into
an active layer 240a and an active layer 2405; and the first
confining layer is divided into a first confining layer 230a and
a first confining layer 2305. After the photoresist layers 260a
and 2605 are removed, a light-emitting epitaxial structure 280
and a protrusive structure 282 are formed, such as shown in
FIG. 2C. The light-emitting epitaxial structure 280 is spaced
from the protrusive structure 282 by the predetermined gap d.

Thereafter, such as shown in FIG. 2D, a transparent elec-
trode layer 2624 and/or a transparent electrode layer 2625 can
be optionally formed on the top surface of the protrusive
structure 282 and the top surface of the light-emitting epi-
taxial structure 280 (i.e. on the second confining layers 250a
and 2505). Then, such as shown in FIG. 2E, an-type electrode
pad 292 is fabricated to cover the transparent electrode layer
262a and the protrusive structure 282, wherein the n-type
electrode pad 292 is electrically connected to the first confin-
ing layers 230a and 2305. Meanwhile, a p-type electrode pad
290 is fabricated on the transparent electrode layer 2625.

It can be known from FIG. 2E that the epitaxial layers
under the n-type electrode pad 292 form the protrusive struc-
ture 282, and the epitaxial layers under the p-type electrode
pad 290 form the light-emitting epitaxial structure 280,
wherein the material layers forming the protrusive structure
282 are substantially equivalent to the material layers forming
the light-emitting epitaxial structure 280 with respect to the
material species and arrangement sequence, and additionally,
the present embodiment does not perform an etch step on the
top surface of the protrusive structure 282 or on top surface of
the light-emitting epitaxial structure 280. Therefore, it can be
assured that the top surface roughness of the protrusive struc-
ture 282 is very close to that of the light-emitting epitaxial
structure 280, and thus the n-type electrode pad 292 and the
p-type electrode pad 290 with similar lusters can be made.
Hence, the present embodiment has the advantages of pro-
moting the image recognition rate and accuracy in the pro-
cesses of die bonding and wire bonding; increasing the over-
all production; decreasing inferior products; and improving
the problem of rough surface textures.

Referring to FIG. 2F, the protrusive structure also can be
composed of a plurality of protrusive structure units 282 in
the light-emitting diode structure in accordance with another
embodiment of the present invention.

The aforementioned material species and types applied to
the respective material layers are merely used as examples for
explanation, and the present invention is not limited thereto.

As is understood by a person skilled in the art, the forego-
ing preferred embodiments of the present invention are illus-
trated of the present invention rather than limiting of the
present invention. It is intended to cover various modifica-
tions and similar arrangements included within the spirit and
scope of the appended claims, the scope of which should be



US 9,231,158 B2

5

accorded the broadest interpretation so as to encompass all
such modifications and similar structure.

What is claimed is:
1. A method for manufacturing a light-emitting diode
structure, comprising:

providing a substrate;

forming a first confining layer on the substrate;

forming an active layer on the first confining layer;

forming a second confining layer on the active layer;

coating a photoresist layer on a surface of the second con-
fining layer, wherein the photoresist layer has a prede-
termined gap;

etching the second confining layer and the active layer
along the predetermined gap by using the photoresist
layer as a mask;

removing the photoresist layer, thereby forming a light-
emitting epitaxial structure and a protrusive structure,
wherein the material layers forming the protrusive struc-
ture are substantially equivalent to the material layers
forming the light-emitting epitaxial structure with
respect to material species and arrangement sequence,
and the side surfaces of the protrusive structure are with-
out undercut;

fabricating a first electrode pad encapsulating the protru-
sive structure and directly contacting the exposed top
and side surfaces of the protrusive structure; and

fabricating a second electrode pad on a top surface of the
light-emitting epitaxial structure, wherein the top sur-
face roughness of the protrusive structure is very close to
that of the light-emitting epitaxial structure.
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2. The method according to claim 1, further comprising:
forming a buffer layer between the substrate and the first
confining layer.

3. The method according to claim 1, further comprising:
respectively forming a low-temperature buffer layer and a
high-temperature buffer layer between the substrate and the
first confining layer, wherein the low-temperature buffer
layer is disposed on the substrate, and the high-temperature
buffer layer is disposed on the low-temperature buffer layer.

4. The method according to claim 1, wherein the material
forming the substrate is selected from the group consisting of
sapphire, ZnO, LiGaO2, spinel, SiC, GaN and silicon.

5. The method according to claim 1, wherein the first
confining layer is n type, and the second confining layer is p
type.

6. The method according to claim 1, wherein the protrusive
structure is composed of a plurality of protrusive structure
units.

7. The method according to claim 1, further comprising:
forming a transparent electrode layer on a top surface of the
light-emitting epitaxial structure; and forming the second
electrode pad on the transparent electrode layer.

8. The method according to claim 1, further comprising:
forming a transparent electrode layer on a top surface of the
protrusive structure; and forming the first electrode pad cov-
ering the protrusive structure and the transparent electrode
layer.

9. The method according to claim 1, wherein the active
layer formed on the first confining layer is a structure other
than a resonant optical cavity structure as in a laser diode.
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